INTRODUCTION
The optimal treatment for ductal carcinoma in situ (DCIS) of the breast has been controversial. Although randomized controlled trials have already proven the benefit of postoperative radiation therapy (RT) to the whole breast after breastconserving surgery (BCS) [1] [2] [3] [4] , a considerable portion of patients undergo local excision alone without RT [5, 6] . In general, patients of younger ages, those with high-grade tumors, and/or those with close/involved resection margins are more likely to receive adjuvant RT; however, the characteristics of low-risk patients in whom RT can be safely omitted have yet to be established.
Several prospective studies on the omission of adjuvant RT after BCS were conducted in low-risk DCIS patients, who were defined as low-risk on the basis of tumor size and nuclear grade [7] [8] [9] . However, even those patients with small tu-Purpose: The optimal indications for omitting adjuvant radiation therapy (RT) after breast-conserving surgery are still controversial in ductal carcinoma in situ (DCIS) of the breast. The purpose of this study was to validate the role of postoperative RT in DCIS patients aged ≤ 50 years and with tumor margin widths of < 1 cm, both of which have been proven to be high-risk features for recurrence in cohorts not receiving RT. Methods: Using two multicenter retrospective studies on DCIS, a pooled analysis was performed among patients aged ≤ 50 years and with margin widths < 1 cm. All patients underwent breast-conserving surgery. Two hundred thirty-two patients received postoperative RT, while 54 did not. The median follow-up period was 77 months (range, 2-190 months) and 70 months (range, 5-166 months) in the patients who received RT and those who did not, respectively. Results: The patients who received RT had larger tumors (p<0.001), higher nuclear grade (p< 0.001), closer margin width (p< 0.001), and negative estrogen receptor expression (p= 0.010) compared with those who did not receive RT. During the follow-up period, there were 17 ipsilateral breast tumor recurrences (IBTRs) as follows: invasive carcinoma in 10 patients and DCIS in seven. In the univariate analysis, the treatment with RT and human epidermal growth factor receptor 2 (HER2) status were significant risk factors for IBTR. The 7-year IBTR rates with and without postoperative RT were 3.6% and 13.1%, respectively (p= 0.008). HER2-positive tumors had a higher IBTR rate than the HER2-negative tumors (7-year rate, 13.6% vs. 3.9%; p= 0.003). Conclusion: Postoperative RT following breast-conserving surgery significantly reduced the 7-year IBTR rate in the DCIS patients aged ≤ 50 years and with margin widths < 1 cm. HER2 positivity was associated with increased IBTR in these patients.
mors of ≤ 2.5 cm in size of low-to-intermediate grade had a significant recurrence risk as follows: the 12-year ipsilateral breast event rate was 14.4% in a study by the Eastern Cooperative Oncology Group (ECOG) [7] , and the 10-year local recurrence rate was 15.6% in a study by the Dana-Farber group [8] . Moreover, a randomized controlled trial by the Radiation Therapy Oncology Group (RTOG) reported in early results that the 7-year local failure rate was significantly reduced from 6.7% without RT to 0.9% with RT in a patient population similar to that of the ECOG study [9] . Therefore, it appears that risk factors other than tumor size and nuclear grade are necessary to define optimal indications for omitting adjuvant RT.
Given the consistent increase in the crude incidence rate of DCIS in Korea [10] , the omission of adjuvant RT in some patients has become an issue of growing concern; while at the same time, a significant number of patients are also undergoing RT [11] . Recently, the Korean Radiation Oncology Group (KROG) conducted a multicenter retrospective study addressing this issue [12] . According to our previous analysis, patients aged ≤ 50 years and with margin widths of < 1 cm had a high risk of recurrence without adjuvant RT after BCS. For these patients, however, whether adjuvant RT can reduce the recurrence risk has not yet been proven.
In this study, we compared the recurrence risk between DCIS patients aged ≤ 50 years and with margin widths of < 1 cm who were treated with or without adjuvant RT, using a pooled analysis of two multicenter retrospective studies.
METHODS

Study population
Two multicenter retrospective studies on DCIS were conducted by the KROG; these were KROG 11-04 and 16-02. The Institutional Review Board approved these studies (numbers: 11-252 for KROG 11-04 and H-1603-027-747 for KROG 16-02), and waived the requirement for obtaining informed consent. KROG 11-04 was designed to evaluate the role of tumor bed boost in addition to whole breast RT after BCS [13] , and KROG 16-02 was designed to evaluate recurrence outcomes after omission of the whole breast RT following BCS [12] . Among the patients enrolled in these two studies, those aged ≤ 50 years and with margin widths of < 1 cm were selected for the pooled analysis. Patients from KROG 11-04 (RT group) were compared with those from KROG 16-02 (no-RT group) in terms of patient and tumor characteristics, as well recurrence outcomes.
Pathological evaluation
Pathological information on tumor size, nuclear grade, resection margin involvement, margin width, estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2) status was collected. ER, PR, and HER2 status was determined by immunohistochemical staining. Resection margin status was defined as clear (no tumor on inked margin) or involved. Margin width was grouped into ≥ 2 or < 2 mm, according to recent consensus guidelines [14] .
Treatment
All patients underwent BCS. In the RT group, the whole breast was treated with postoperative RT, up to a median dose of 50.4 Gy (range, 45.0-50.4 Gy) with 1.8-2.0 Gy/fraction. Tumor bed boost was determined at the discretion of the attending radiation oncologists. The median dose of tumor bed boost was 12.6 Gy (range, 9-20 Gy). Tamoxifen was administered to patients with hormone receptor-positive tumors.
Statistical analysis
The KROG Ipsilateral breast tumor recurrence (IBTR) rate was estimated from the date of surgery by using the Kaplan-Meier method. To evaluate risk factors for IBTR, a log-rank test was used for univariate analysis. A chi-square test was used for comparison among categorical variables. Factors with a p-value of < 0.05 were considered statistically significant. All analyses were performed in PASW Statistics for Windows, version 18.0 (SPSS Inc., Chicago, USA).
RESULTS
Patient and tumor characteristics
A total of 286 patients were selected for the pooled analysis, 232 in the RT group and 54 in the no-RT group. The median age was 43 years (range, 19-50 years). Patient and tumor characteristics were compared between the two groups in Table 1. Patients receiving RT had tumors with larger size (p< 0.001), higher nuclear grade (p < 0.001), involved resection margins (p= 0.034), closer margin width (p< 0.001), negative ER expression (p = 0.010), and negative PR expression (p = 0.001), compared with those who did not receive RT. The distribution of HER2 status was significantly different between the two groups. When patients with unknown or equivocal HER2 status were excluded; however, there was no difference in the distribution of HER2-positive or negative tumors (p= 0.636).
Treatment outcomes and prognostic factors for ipsilateral breast tumor recurrence
During the follow-up period, there were 17 IBTRs (invasive carcinoma in 10 and DCIS in seven). In the RT group, 10 IBTRs were observed, and the median time to IBTR was 87 months (range, 26-190 months). In the no-RT group, seven IBTRs were observed, and the median time to IBTR was 49 months (range, 36-98 months).
The results of univariate analysis for IBTR are shown in Table 2 . Age, tumor size, nuclear grade, resection margin involvement, margin width, and ER or PR status were not correlated with IBTR. HER2-positive tumors had a higher IBTR rate than HER2-negative tumors (7-year rate, 13.6% vs. 3.9%, respectively; p= 0.003). The 7-year IBTR rates of the RT and no-RT groups were 3.6% and 13.1%, respectively (p = 0.008) (Figure 1 ). RT = radiation therapy; ER = estrogen receptor; PR = progesterone receptor; HER2 = human epidermal growth factor receptor 2. section margins. Patient and tumor characteristics are given in Table 3 . In this analysis, patients receiving RT had tumors that were larger in size (p = 0.002), of higher nuclear grade (p = 0.003), and had closer margin width (p < 0.001). Although ER or PR expression was not different between the RT and no-RT groups, tamoxifen was more frequently given to patients in the no-RT group (p= 0.028). On univariate analysis, treatment with RT was the only prognostic factor affecting IBTR. The 7-year IBTR rates in the RT and no-RT groups were 0% and 11.7%, respectively (p= 0.012).
Subgroup analysis of patients with small tumors of low-tointermediate grade
Subgroup analysis according to margin width and HER2 expression
When a subgroup analysis was performed in patients with margin widths < 2 mm, the 7-year IBTR rates with or without RT were 4.2% and 18.2%, respectively (p = 0.061). For those with margin widths from ≥ 2 mm to 1 cm, the corresponding figures were 2.5% and 11.4%, respectively (p= 0.101). According to the HER2 expression, postoperative RT was significantly associated with a lower 7-year IBTR rate in HER2-negative patients (1.8% vs. 10.3%, p = 0.009). However, this statistical significance was lost in HER2-positive patients, for whom the 7-year IBTR rate was 10.0% with RT and 21.4% without RT (p= 0.103).
DISCUSSION
In this pooled analysis of two multicenter retrospective studies, adjuvant RT after BCS significantly reduced the 7-year IBTR rate from 13.1% to 3.6% in DCIS patients aged ≤ 50 years and with margin widths < 1 cm. In addition, HER2 positivity was associated with increased IBTR in these patients.
The optimal indications for omitting adjuvant RT after BCS for DCIS have been controversial. In the previous KROG 16-02 study in patients who underwent BCS without adjuvant RT, age and margin width were significant prognostic factors affecting the rate of recurrence [12] . When combined with these two risk factors, patients aged ≤ 50 years and with margin widths of < 1 cm had a 7-year locoregional recurrence rate of 13.1%, which appears to be high enough to warrant a recommendation of adjuvant RT. However, in the absence of a control group, it was not clear whether adjuvant RT could reduce the recurrence risk. In the present study, we compared the outcomes of these patients (the no-RT group) with those of patients with the same risk factors who received RT in the KROG 11-04 study (the RT group) by using a pooled analysis. RT = radiation therapy; ER = estrogen receptor; PR = progesterone receptor; HER2 = human epidermal growth factor receptor 2.
According to many retrospective studies comparing RT and no-RT groups, clinical and pathological risk factors were significantly different between the two groups, and patients with high-risk features were more likely to receive adjuvant RT [5, 6] . In the present study, treatment with RT was associated with larger tumor size, higher nuclear grade, involved resection margin, closer margin width, ER negativity, and PR negativity. In addition, we analyzed a high-risk study population, given the patient selection criteria of age of ≤ 50 years and margin width of < 1 cm, who had much higher recurrences than the others in our previous study [12] . Despite this imbalance and the high-risk features of the population, the RT group achieved a significantly lower 7-year IBTR rate than the no-RT group. Moreover, considering that all included patients were aged ≤ 50 years, it is to be expected that they will have longer follow-up periods, in which a significant portion will have recurrences. Moreover, it is well established that in Korea, the age at diagnosis of breast cancer (including DCIS) is much younger than that in Western countries, with a median age at diagnosis of just 50 years in 2013 [10] . Therefore, adjuvant RT after BCS should be given to these selected patients.
Recently, a consensus guideline suggested ≥ 2 mm as an adequate margin in DCIS patients undergoing BCS plus wholebreast RT [14] . However, an optimal margin width has not been suggested for those undergoing excision alone. Regarding this issue, Tadros et al. [15] studied rates of locoregional recurrence according to margin width and treatment with RT; they found that adjuvant RT significantly reduced the risk of locoregional recurrence in patients with margin widths of < 2 mm, but there was no statistically significant difference in outcomes in those with margin widths of ≥ 2 mm, regardless of RT treatment. In our study, a subgroup analysis was performed in a similar fashion. There was a trend toward reduced IBTR rate with adjuvant RT in patients with margin widths of < 2 mm; however, this effect was reduced in those with margin widths ranging from 2 mm to 1 cm. However, the 7-year IBTR rate in patients with margin widths ranging from 2 mm to 1 cm, and not receiving RT was 11.4%, which appears to be high enough to warrant a recommendation of adjuvant RT. Future studies are needed in which patient age is taken into account to suggest an optimal margin width for DCIS patients who may not require adjuvant RT after BCS.
As previously mentioned, prospective studies defined lowrisk patients as those with small tumors of ≤ 2.5 cm in size of low-to-intermediate grade [7] [8] [9] . In addition, a margin width of at least 3 mm or 1 cm was required in these studies, whereas patients with smaller margin widths were selected in our study. Although comparison with aforementioned prospective studies is not possible because of the differences in margin width, a subgroup analysis was performed that included only patients with tumors of ≤ 2.5 cm of low-to-intermediate grade and with clear resection margins. In this analysis, patient and tumor characteristics were still different between the RT and no-RT groups, with patients in the RT group more likely to have high-risk features. However, the 7-year IBTR rate of the no-RT group was significantly higher than that of the RT group (11.7% vs. 0%, respectively). Patients enrolled in the RTOG 9804 study were stratified by age ( < 50 yr vs. ≥ 50 yr), margin width (negative vs. 3-9 mm vs. ≥ 10 mm), and other characteristics. Although the early results of the RTOG study did not report the outcomes according to the predefined stratification, a subsequent subgroup analysis would be helpful to define low-risk patients in whom adjuvant RT can be safely omitted, in conjunction with our results.
HER2 overexpression is an established risk factor for recurrence of invasive breast cancer [16] . For DCIS, however, the relevance of HER2 overexpression as a prognostic factor has not been thoroughly investigated. Kerlikowske et al. [17] observed a 2-fold higher risk of DCIS recurrence in patients with HER2-positive tumors when treated with BCS alone. However, they included DCIS with 2+ staining in the HER2 positive tumors. By contrast, Han et al. [18] performed in situ hybridization in all cases with equivocal (2+) staining, and only cases with HER2 gene amplification were included in the HER2-positive tumors. They noted that HER2-positive DCIS had a higher local recurrence rate (5-year rate, 35% vs. 16%) in patients treated with BCS alone, but no difference in recurrence rate was found between HER2-positive and HER2-negative tumors (6% vs. 6%) in patients treated with BCS followed by RT. In our study, when the 90 patients with unknown or equivocal HER2 status were excluded, HER2 positivity was associated with a significantly higher IBTR rate. According to the HER2 expression, adjuvant RT significantly reduced IBTR in HER2-negative patients, but not in HER2-positive patients. However, the 7-year IBTR rate in patients who did not receive RT was > 10% regardless of HER2 expression. Therefore, further studies are needed to refine the indication and/or omission of adjuvant RT according to HER2 status.
This study has several limitations, most of which arise from the retrospective study design and small patient numbers. First, there may be biases that potentially influence treatment selection. Second, owing to the limited number of events, multivariate analysis was not performed, and DCIS and invasive recurrences were not separately analyzed. Finally, the follow-up period varied between the two groups because this study is a pooled analysis of two studies conducted at different periods.
In conclusion, postoperative RT following BCS significantly reduced the 7-year IBTR rate in DCIS patients aged ≤ 50 years and with margin widths of < 1 cm; therefore RT should be given to these selected patients. In addition, HER2 positivity was associated with increased IBTR in these patients.
